Improper patient selection for septal surgery often has been found to result in therapeutic failure, and there needs to be an objective assessment of nasal obstruction before the surgery and for postoperative follow-up that can be applied in the routine otolaryngology practice. The purpose of this study is to assess the usefulness of a cost-effective device for objective measurement of the nasal airway partitioning in selecting patients for septal surgery and for postoperative outcome evaluation. A hospital-based, prospective, observational study was carried out in a tertiary-care teaching institution involving 74 patients waiting for septal surgery. Each patient was exposed to subjective assessment of nasal obstruction by the Nasal Obstruction Symptom Evaluation (NOSE) scale and objective measurement by Nasal Partitioning Ratio (NPR) using a new device, Nasal Airway Partition Meter (NAPM), once before and twice after surgery. Overall, average NOSE score and NPR values were 66.42 ± 9.42 and 0.57 ± 0.18, respectively, at preoperative assessment (correlation coefficient 0.441). Sixty of the 74 patients had high values for both NPR and NOSE scores (Group 1), but in the remaining 14, NPR values were found to be lower despite high NOSE scores (Group 2). Postsurgery, the NOSE score and NPR values were significantly reduced in Group 1. In contrast, participants in Group 2 showed no alteration in the values of both the parameters after the same operative maneuver. However, 2 patients in Group 1 had NOSE score and NPR values unaltered, while 1 patient in Group 2 had a reduced NOSE score after surgery. Therefore, the validity of the new equipment was calculated to be 96.7% sensitive and 92.9% specific to identify patients who needed to undergo septal surgery for their nasal obstruction. It can be deduced from the present study that NAPM can be a cost-effective device for clinicians to objectively measure nasal airway obstruction and screen patients for septal surgery.
Introduction
Nasal obstruction is a common symptom encountered in various anatomic and nonanatomic (mucosal) conditions such as deviated nasal septum (DNS), turbinate hypertrophy, concha bullosa, chronic rhinosinusitis, allergic rhinitis, and vasomotor rhinitis. In present-day surgical practice, patients with anatomic factors implicated for such obstruction are selected for surgery based on subjective complaints and clinical assessment that includes nasendoscopy and imaging.
This approach often has a high sensitivity (100%) when compared with the objective method of rhinospirometry for assessing asymmetry of nasal airflow. 1 However, approximately 20% or more of patients listed for septal surgery by the surgeon's subjective assessment might have normal nasal partitioning of airflow on rhinospirometry. 1, 2 In fact, it has been found that the surgical interventions based solely on these subjective parameters often do not provide complete patient satisfaction 3 and may lead to therapeutic failure.
In other words, the specificity of subjective assessment can be as low as 30%. 1 This could be due to difficulty in understanding and determining the effects of septal excluded from the postoperative assessments. Eight patients were lost to follow-up. The effective study population was therefore 74. The study was carried out after obtaining informed consent of the participants and bioethical clearance from the Institutional Review Board. All the operations were done by the same group of surgeons.
The device. We used two peak inspiratory f low-meters with modifications for the measurement of NPR. The mask from the peak inspiratory flow-meter (figure 1) was replaced by a cuffed endotracheal tube sealing its upper end. The cuffed end was transversely cut, keeping approximately 0.3 cm beyond the cuff. This ensured that the upper end was distal to the internal nasal valve and that there was no discomfort to the patient. We named this modification Nasal Airflow Partition Meter (NAPM) (figure 2, A).
The small opening in the rim after the transverse cut, communicating with the valved balloon of the endotracheal tube, was occluded by an appropriate-sized metallic pin, effectively preventing air leak (figure 2, B). The red ring indicator of the NAPM moved along a deviation on nasal function and airflow. The sensation of nasal obstruction is essentially polyfactorial in etiology. Apart from the obvious anatomic factors, there is an intricate interplay among the subjective factors (pressure, thermal and pain receptors, and secretions); pathologic conditions (e.g., rhinosinusitis); and the complex physiology of nasal airflow, explaining why about 55% of patients have persistent nasal obstruction after septal surgery with only 26% being able to lead a symptom-free life in the long-term. 4 The overall success rate of septal surgery is <70%; 5 and despite this, until now there has been no accepted preoperative screening tool for selection of patients. 1 Therefore, there is a perceived need for an objective instrument for proper selection of patients for septal surgery and quantitative outcome evaluation from the surgeon's point of view, both after surgery and during follow-up. 6 Here we describe a modified version of an inspiratory flow-meter that quantifies the partitioning of the airway on either side of the septum in patients with symptomatic DNS in the index of Nasal Partition Ratio (NPR), and we discuss its utility to a surgeon in patient selection and subsequent assessment of the postsurgical outcome and in the scheduled prospective period.
Patients and methods
Design and setting of the study. This was an institution-based, prospective, observational study carried out from November 2010 to October 2012 in the Department of Otorhinolaryngology and Head-Neck Surgery, R.G. Kar Medical College and Hospital, Kolkata, a tertiary-care teaching institution of eastern India.
Study patients and selection. Altogether 100 patients came in for corrective septal surgery during the study period with complaints of nasal obstruction attributed to DNS that was evident on clinical examination (anterior rhinoscopy, rigid nasendoscopy). As such, no sampling technique was adopted for the selection of the study patients, and consecutive patients were approached. Medical history, clinical examination, and past medical records were noted.
The selection was based on inclusion criteria: (1) symptom of nasal obstruction for at least 1 year, (2) identifiable anatomic cause (DNS), (3) age >18 years, (4) failure of medical management. Exclusion criteria included: (1) nasal trauma or surgery within previous 1 year, (2) contraindication to topical decongestants, (3) upper respiratory tract infection in the previous 2 weeks, (4) alcohol intake in the preceding 24 hours, (5) smokers, (6) postoperative complications such as excessive crusting and synechiae persisting beyond 2 weeks.
Eighteen patients with crusting and synechiae were scale graduated in L/minute with each deep inspiratory effort by the subject, and provided the value for the peak inspiratory flow in the left and right nostril for a given time ( figure 3 ). However, the "time of inspiratory effort" remained constant, and the "peak flow rate" effectively became equivalent to the "volume of inspired air (V)." The endotracheal tube selected was not necessarily the same for everyone, and the isolated values for V L and V R (V L and V R = volume of air entering the left and right nasal cavity, respectively) did depend on the tube diameter. However, as NPR is expressed as a ratio, its absolute value remained unchanged irrespective of the tube's diameter. This was found to be true even when tubes of different internal diameters were used to measure NPR pre-and postoperatively. However, endotracheal tubes of the same internal diameter were used while measuring NPR at a given time using 2 NAPMs simultaneously. We preferred endotracheal tubes with an internal diameter of 6.0 or 6.5 mm, as these were found to cause no trauma to the airway and, at the same time, sealed the anterior nares effectively when inflated.
The Nasal Partition Ratio (NPR). The quantitative measure of differential lateralization of air entering on either side of the septum aims to provide an estimation of the degree of septal deviation. This is denoted by NPR, given by the formula (V L -V R )/ (V L + V R ). 1 Substituting the values for V L and V R , as obtained from NAPM in this case, the extent of airflow partitioning and the predominant direction of septal deviation can be analyzed. Numerically, NPR ranges from +1 to -1; 1 however, as the septum is never strictly in midline, its value within +0.3 to -0.34 is accepted as normal. 2 Evidently, a negative value denotes a left-sided septal deviation, and a positive value indicates a right-sided deviation.
The NOSE scale. The Nasal Obstruction Symptom Evaluation (NOSE) scale (figure 4), introduced by Stewart et al in 2004 as an instrument for quality of life assessment, resulted from the NOSE (Nasal Obstruction Septoplasty Effectiveness) study. 7 Although it can measure the subjective sensation of nasal obstruction owing to any anatomic cause, it was originally meant for evaluation of septoplasty immediately after surgery and in the subsequent follow-up at an average of 17 weeks. 8, 9 The items measured using the NOSE scale showed unified construct with Spearman correlation coefficients >0.40. 8 This is highly sensitive, 9 valid, 8, 9 brief, reliable, and reproducible, and it can be used by clinicians for prospective trials. [9] [10] [11] The objective of our study is to correlate the NPR values (measured by NAPM) and the NOSE score in patients with symptomatic DNS before and after septal surgery, thereby estimating the success of surgery in the immediate postoperative and subsequent follow-up periods.
Preintervention assessment (P0). Each patient scheduled for septal surgery was evaluated with the NOSE score questionnaire. Translated versions in vernaculars (Bengali and Hindi) were used when necessary. He/ she next underwent the objective assessment of nasal obstruction (NPR) with NAPM. Proper decongestion SEN, DUTTA, HALDAR, SINHA Figure 4 . This is the Nasal Obstruction Symptom Evaluation (NOSE) scale. Reprinted with permission from John Wiley and Sons. 9 was provided with a commercially available preparation of nasal decongestant containing 0.1% w/v (weight/volume) xylometazoline that was added to cotton pledgets soaked in 4% topical xylocaine solution (42.7 mg/ml). This minimized the nonanatomic reversible factors, thereby avoiding false low values of airway partitioning.
The patient sat straight in a chair, and 2 NAPMs were inserted simultaneously, one in each nasal cavity. The cuffs were inflated such that the upper end of the inflated cuff snugly fit into the anterior naris and sealed it, but without causing any deviation of the septum or involving the internal nasal valve. This was accomplished by keeping the uppermost end of the tube distal to the level of the internal nasal valve (figure 5, A and B). The alar crease (and thereby the valve area) and the septum underwent negligible distortion as the alar rim was in contact only with the soft cuff when inflated, rather than the inner rigid wall of the endotracheal tube (figure 5, C).
The patient was then asked to take a deep inspiration with the mouth closed, and the red ring ascended along the calibration, providing the readings for V L and V R in L/min. Substituting these values in the formula, we obtained the value of airway partitioning for that patient. The procedure was repeated thrice, with a 15-minute interval between procedures; the mean was noted as the final value.
Simultaneous use of 2 NAPMs, one in each nasal cavity, negated the differential efforts during inspiration as both the values for V L and V R were obtained in one single deep inspiratory effort. The value of NPR thus obtained from NAPM was independent of the patient's pulmonary reserve, inspiratory effort, and presence of respiratory comorbidity because it was expressed in a ratio.
Blinding. To avoid bias, data collection was carried out by a postgraduate student not involved with the operation or the study. She was oriented about the equipment and procedures of measurements by demonstration and by mock trial. Analysis was also carried out by an independent investigator who was blinded to the clinical data using codes for different parameters of the patients.
Postintervention assessment. Each patient was evaluated twice-first at 2 weeks postsurgically (postoperative assessment 1; P1) and second at 16 weeks (postoperative assessment 2; P2) using similar methods and equipment. No patients were lost to follow-up in P1; but 8 patients did not return for P2.
Analysis. Data obtained from 74 patients were analyzed using simple proportion, student t and paired t tests, and Pearson correlation coefficient (r) with p value. Statistical Package for the Social Sciences (SPSS) v. 19 .0 was used.
Results
Tests were applied in study patients selected consecutively as they came in the queue for surgery. None complained of any discomfort during the procedure or developed any complication thereafter. The analysis 
. This parasagittal reconstruction CT image shows the upper end distal to the internal nasal valve (represented by the anterior end of the inferior turbinate), the rigid inner tube being free from the surrounding soft tissues. NAPM in one side has been used here to prevent superimposition of images. C: This schematic cross-sectional view within the left nasal cavity distal to the internal valve shows how the inflated cuff results in an effective seal. The inner rigid tube within the inflated cuff is not in contact with any soft tissue, thereby not causing any appreciable distortion of the nasal framework. (1 = septum; 2 = alar rim; 3 (dotted line) = cuff; 4 = inner rigid tube within the inflated cuff; white dot = occluded passage to the valved balloon.)
was done with the data of 74 participants who were available for the nal evaluation. Average NOSE score and NPR value at P0 were found to be 66.42 ± 9.42 and 0.57 ± 0.18, respectively, with a range of 45.00 to 85.00 and 0.20 to 0.94, respectively.
A moderate positive correlation was found between the 2 parameters (r = 0.411). It was observed that 14 participants (Group 2) showed signi cantly low NPR values (within normal limits) at P0 in contrast to the rest (Group 1), but the two groups had almost similar high NOSE scores ( gure 6). Group 2 participants were also provided with surgical interventions based on subjective NOSE scores.
Of the 60 patients in Group 1, 58 showed a drastic decrease in NOSE scores and NPR values at P1 and P2 compared to their baseline P0 values. In contrast, Group 2 did not reveal such ndings in P1 and P2, except one man who had the same experience as the patients in Group 1, i.e., a reduced NOSE score.
e overall values of NOSE and NPR for Group 2 showed insigni cant changes, if any, at P1 and P2 compared to P0. Drastically improved NPR values among the participants of Group 1 resulted in a signi cant gap between the normal level values of two groups, both at P1 and P2. e NPR values showed signi cantly strong correlations with NOSE scores at all the 3 levels of assessment among Group 1 patients; it was found to be di erent in Group 2 with insigni cant correlation. Validity of the instrument was estimated as 96.7% sensitive in detecting patients needing septal surgery, and 92.9% speci c in screening patients not requiring septoplasty for their nasal blockage.
Discussion
Our ndings showed that there was signi cant improvement in Group 1, both in the subjective assessment and the objective measurement of nasal obstruction in the pre-and postoperative periods as determined by the NOSE scores and NPR values (by NAPM), respectively.
Evidently, not all patients (Group 2) bene ted from septal surgery even if they had DNS and had complaints of nasal obstruction. In this group, the preoperative NOSE scores were high, but NPR values were within normal range; there was no signi cant change in the postoperative NOSE scores, with comparable postoperative NPR values. is could be explained by coexistent factors other than DNS that contributed, either independently or with DNS, to the subjective sensation of nasal obstruction-for example, nonanatomic factors such as chronic rhinosinusitis 2 and allergic rhinitis. is was evident because these factors were not included in the exclusion criteria for selection of the patients. In fact, in a substantial number of patients with DNS, DNS itself was not found to be associated with nasal obstruction and therefore precluded surgical intervention. 2 e present study demonstrates the usefulness of NPR as a quantitative parameter measured by NAPM in selecting patients with symptomatic DNS for septal surgery. Some of the earlier studies showed the role of NPR using spirometry for the same purpose. 12, 13 To quantify the amount of air entering the nasal cavity in a patient with symptomatic DNS, the concept of partitioning of the airway came into consideration. Indeed, estimating di erential air entry on either side of the septum as a quantitative index was conceptualized by Postema et al more than 3 decades ago, when they introduced the term lateralization %. 14 However, the need has always been felt for an objective tool for estimating airway obstruction, although this has not always been easy. 15 is is especially pertinent when surgical correction is contemplated, and for identifying proper candidates for surgery. 6 At present, rhinomanometry, acoustic rhinometry, nasal peak inspiratory ow, and forced oscillation techniques are available to objectively measure nasal Figure 6 . ese graphs depict the time trend of NOSE scores in the two groups before and a er surgery (A) and the time trend of NPR values in the two groups before and a er surgery. (B) . e values of NPR are absolute, irrespective of the side of septal deviation. flow rates, nasal obstruction, and airway resistance. 6, [16] [17] [18] Rhinomanometry is the investigation of choice for such measurement, 19 although a combination of procedures is often recommended for more accurate outcome assessment. 20, 21 However, the utility of these methods in medicine has until now been largely restricted to research and not meant for day-to-day clinical practice. 1, 22 Meanwhile, studies and experiments with spirometry and rhinospirometry formed avenues for an alternative. The original instrument used to measure NPR was the rhinospirometer. 1 It required operating software and gave computer-recorded results. Cuddihy et al described the utility of the nasal spirometer as an objective measure of nasal septal deviation and effectiveness of septal surgery. 12 Similarly, Hanif et al reported the efficacy of a portable spirometer to quantify the severity of septal deviation. 13 Their portable spirometer gave good correlation with the values of rhinometry and detected 23.08% nonagreement with patients' subjective assessments compared to 18.92% in the present study.
In one of the recent works, Goyal et al showed the efficacy of a modified digital spirometer to measure objectively the nasal airway resistance. 3 These studies prove a growing interest in an objective assessment and quantification of nasal airway obstruction, but the outcome and parameters are yet to be applied in clinics on a large scale for widespread acceptance by clinicians. The need for sophisticated machines and software, along with trained manpower and higher cost, are frequent hindrances in most institutions, especially in resource-poor countries. 3 The NAPM used in our study effectively quantified nasal obstruction. This was an extremely simple modification of the inspiratory flow-meter that required no operating software or skilled manpower; it was cheap, portable, handy, and easy to use-ideal for the clinician-surgeon. It was equally useful in evaluating the surgical outcome immediately postoperatively, at subsequent follow-up, and for prospective clinical assessments.
The inspiratory flow-meter could have been used for estimating the airway flow with the mask put on, as well, without the present modification ( figure 1 ). However, in that case it would have been suitable for postoperative follow-up rather than preoperative screening, as it would have taken into account the total airway resistance instead of the individual nasal cavity dynamics, i.e., without considering the "partitioning" effect that the nasal septum has on the airway. 6, 23 Our modification thus enabled recordings that were individual to each nasal cavity although taken simultaneously using two instruments at a time, one in each nasal airway. This also nullified the effect of differential inspiratory efforts by the subject, thereby making NAPM feasible for preoperative evaluation like rhinomanometry and acoustic rhinometry, where active effort by the subject and subsequent pulmonary fatigue are not the issues.
The NAPM was acceptable to patients and required minimal patient cooperation. NPR values calculated by NAPM maintained a moderately strong correlation with a validated scale (the NOSE score) in all 3 stages of examination. In 14 of 74 (18.9%) patients in our study, these correlations did not exist, thus setting up the criteria for selection of proper patients for septal surgery-i.e., patients with DNS and with nasal obstruction but NPR values within normal range are not expected to benefit from septal surgery. This finding closely resembles that of an earlier study by Roblin and Eccles. 2 In this regard, the instrument has been proved to be 96.7% sensitive and 92.9% specific. Thus, the factor of low specificity of selection of patients depending on clinical and subjective assessments alone and thereby the chance of surgical failure can be addressed.
Similar outcomes were seen in other, larger studies and evaluations of quality registers where retrospective analysis showed that with preoperative objective estimation with rhinomanometry and/or acoustic rhinometry within normal range in symptomatic septal deviation, the surgical outcome was nonrewarding from the patients' perspective; in contrast, in those with higher objective values before surgery, "patient satisfaction" was about 20% higher. 6, 24 Therefore, irrespective of the methods used, these findings underscore the importance of objective screening before scheduling a patient with DNS complaining of nasal obstruction for corrective septal surgery.
Although our study was concerned with the evaluation of patients with symptomatic DNS, NPR as measured by NAPM can also be used for other anatomic causes for nasal obstruction, such as enlarged/hypertrophied turbinates, concha bullosa, etc., as well as for reversible mucosal diseases such as allergic and vasomotor rhinitis, with surgical and nonsurgical interventions, respectively.
In future, a comparative analysis with the more accepted objective parameters for estimation of nasal resistance and obstruction, namely rhinomanometry and acoustic rhinometry, should be done to explore the potential usefulness of this instrument. Moreover, a much larger study with a longer follow-up period is required to find out its reliability and to recheck the validity as obtained from the present attempt.
Anthropometric analysis considering the racial variations of nasal architecture may also be done in future to prove the suitability of this instrument as a universal modification. Also, further suitable changes in the design regarding the malleability and diameter of the cuffed tube may be needed to include patients with significant caudal deviation of the septum. If ap-propriate, inclusion of NPR as measured from NAPM in the routine preoperative investigations for septal surgery can be contemplated.
Conclusion
Selection of patients for septal surgery in today's clinical practice is based solely on subjective evaluation, which accounts for high sensitivity but low specificity, often leading to improper patient selection. A system of objective assessment could be proposed which, in association with the conventional subjective evaluation, could lead to improved results after septal surgery through efficient screening of patients presenting with nasal obstruction due to deviated septum.
A modified inspiratory flow-meter, the Nasal Airway Partition Meter (NAPM), has been used here to assess objectively the element of nasal obstruction in the form of NPR. The NPR values obtained from NAPM have been found to bear statistically significant correlation with a validated scale used for subjective assessment (the NOSE score).
Patients with DNS presenting with symptoms of nasal obstruction (high NOSE score) but having normal NPR values were found not have significant benefit from septal surgery. NAPM is a simple-to-use, patient-friendly, hand-held, portable, cost-effective instrument to measure NPR; it is ideal for the practicing otolaryngologist within the limits of his/her clinical setup.
